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e™ e hadronic cross section 2
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Mass (GeV/c?) 2M(By) NE e

— — - M( Y(5S)) = 10876 + 2 MeV/c?
e” e ->Y(4S) -> BB, where B is B or BY meson F(Y(5S)) = 43 4 MeV/c? (BaBar)

e” e ->Dbb (Y(5S)) -> B®B®, B®WBWr, BB, B,®B.™, Y(1S)TuT, Y X ...

CLEO: 2003: ~0.42 fbL
Belle: 2005 1.86 fb™t, 2006 21.7 fb1,
2008 ., 2009

where B*->By andB.,*->B_y
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o Hadronic event classification at Y(5S) 3

@onic events at Y(5S)
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bb cross-section \ o N(bb events) = N(hadr, 5S) - N(udsc, 5S)
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BY, B* events




Belle data taking at Y(5S) 4

Belle detector

et source

A AN |
RESS
8 :
= e
= =

E(e+): 3.500 GeV -> 3.595 GeV,
E(e-) : 7.996 GeV -> 8.211 GeV.

No modifications are required for Electron and positron beam energies are
Belle detector, trigger system or increased by 2.7% (same Lorentz boost
software to move Y(4S) -> Y(5S). By =0.425) to move from Y{4S) to Y(5S).
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Theoretical model for Y{(5s) decays to BB pairs 5

Cornell model modified for bottomonium arXiv:0812.4402 [hep-ph]
Decay rate of Y{5S) with spin s=1 and mass M to B*)B™)-pair with spins s;+s,:
[ =(/8m (P/IM)E, E, C(s5:S,) |Ass(P)|?
where P, E;, E, - momentum and energies of final B mesons in CM.

C(ssys,) spin counting factor => 1/3 : 4/3 : 7/3 for BB, B*B , B*B*

Decay amplitude: | % EI |
--d
A5$(P) = 4m fq InLI (P) @ A d
includes only quark Il g
where f, includes only quark masses y >
Problem: amplitude oscillates fast, nodes R _ 7 BB
. . 0.3 /J B*B* —
Two heavy quarks: calculations should be reliable o | & | 5
-0.6— ' ' | '

3-body final states: ratio 6(3)/0(2): pion form-factor, ° %> 06 0% 12 13
large model and parameter uncertainties, not very reliable
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Signature of fully reconstructed B decays 6

5.45
j et e ->Y(5S) -> B®B® (1)(m),
i *BS* *
i .S ->
~ 54 St where B By
o £ -
~ g T e - Data B*->J/y K*
% @BSBS *_\5451; LW\ .
(9 5.35| B QO saf o\
o ' MC O s535[ ﬁ» s\
0 . g e e,
5.3 8 gab. e\
= [ < 53?
525 .o .
- : ‘ My +AE-5.28 \
O TR i xR L
AE (GeV) Only one B meson is reconstructed

Two variables calculated: M= \/E*be(,im2 — P*g?, AE =E*g — E*jcam

B energy (E*z) and momentum (P*;) are reconstructed; no rec. Y from B
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<o

AE vs M, distributions

L=23.6 fb! >

5.425

Five B modes are studied: 54

only charged tracks in
final state, PDG branching
fraction errors are 3-5%
=> small systematic errors
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B*->J/PpK* B*->DO(Km)m*
"
et aelalel, | AR
M, -5.28+AF. M, -5.28+AF.

QWG 2010,

F(X)=N(X)/N(bb)

B*->J/ypK* 89.0+%3+8.0%
B*->DO(Km)m* 64.0:6.2+4.9 %
B*->DO(K3m)m* 68.3:80+6.4 %
BO->J/yK*O 85.3+92+8.8 %

BO->D-(K+Tm)* 72.9:7.4:6.4 %

M, .+AE-5.28 projections 8

B*->DO(K3mm* BO->J/yK*0
55l |
OIII“IIII“‘III“II 002”0‘1;010‘05000501“3_1@[[:2
M, 528+AE M, -528+AE
BO->D-(K*rr )
B+ 60—
72.1:39:50 %
BO 40
77.0:88:+6.1 %
Z 10~
73.7+ 3.2 +5.1 % . ‘

()2 015 01 005 0 005 01 015 0.2

58.9 + 10.0 + 9.2 % (CLEO 2006) M;-5.28+AE

Sum Bg: 19.5+ 39 % (PDG, Belle+CLEO).
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Channel fractions per bb-pair:

BB: 5.5 :g-g +0.4 %
B*B: 13.7+13+1.1%
B*B*: 37.5:%;:3.0 %

Mp>5.35 GeV/c: 17.5:18:1.3 %

QWG 2010,

Y(5S) decays to BO and B+ mesons and scan around Y(5S),

1 BB -

Backgr.
subtracted
Sum of

5 modes

sy
(=]
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Z-bOdy +
thresh. ﬂ

R

50

Events / 4 MeV

\ ,.i"’E % i

L P ik

5.35 5.4
M, (GeV/c?)

Va

Simultaneous fit of 5 B modes
in My.< 5.356GeV/c? region

Theory: channel B*B* is dominant, 30-69%
Results should be used to adjust theory

=> not 2-body channels, why so large?
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o Decomposition of 3-body channels 10

We reconstruct directly produced pion in BBt channels.

Then we calculate parameters ( all in CM system): rec.

I
Reconstructed B meson: rec. ‘

My, OE ; AX(rec) = My + AE - 5.28

Missing B meson:
use momentum P(Bm) and energy E(Bm) of reconstructed B and

M, miss = sqri( E%,.,m- P(BM)? ), because P(B, ..)=P(Bm)

AEMSS = Epoom = E(Bics) = E(BM - Epeam
AX(miss) = M, Mss + AEMss - 5.28

AX(corr) = AX(miss) + AX(rec) -> to decrease uncertainty
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Decomposition of 3-body channels 11

Sum of 5 B modes

i oal BBm
" 30 Data . L MC B*Bm
= 25 = 03 | B*B*n
® 20 -
215 = 02
=P]
2 >
=y 10 = 0.1
5
- P R L M A R A + e :
0= 1 0 0.1 - 0 0.1
AE ™+ MMs- 528 (GeV) AE ™+ M™s- 528 (GeV)

Only B candidates from signal region with M,_"¢¢>5.37 MeV/c?

We assume Clebsch-Gordan coefficients: Fr(ri*)/Fr(i®)=2:1
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Decomposition of 3-body channels 12

Fractions for different components averaged over 5 studied
B decays (assuming equal B+ and B° production):

Events Fraction over M>5.37  Fraction over bb

BB"  0.2s72 (0.2 + 58 )% 00:+1.2+03)%
B*Bm" 38.3 + 195 (41.6 + 12.1)% (7.3£23:0.8) %
B*B*1" 4.8 x84 (5.9 + 78)% (1.0+14:04)%
Residual (52.3 = 139)% (9.2+39+1.0)%
All 228.7 £ 227 100% (17518 +£13)%

Channel B*Bm decays in S-wave (1-0-07), BBTt decays with 2 P-waves (0-0-0")

i — Theory, 3-body fractions:

+
Large fr'ac‘l'l.on of 3-body B*B 1t ~0.3% : L.Lellouch et al Nucl Phys B405:55,1993
=> not predicted by theory ~0.03% : Yu.Simonov et al hep-ph:0805.4518

Residual is too large for BBTut channel. We calculated probability of ISR and got
~10% (~4% to Y{(4S) and ~6% above Y(4S)). Reasonable agreement with residual.
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¥s] Observation of Y(5S)-+Y(1S)m+1-, Y(2S)TH+T- 13

B 1¥J'Th:|.. irn candidates in the ¥ (25)— . region -
K.-F. Chen et al. (Belle coll), 520l van s v ysy S
PRL 100, 112001 (2008) s "o | Y(2S)
5
L=21.7 fb! & S—
- ' ' WM = MM (Geie?)

)
=
[}

(@) ppmn Hndit!Ifﬂ

-> look for: MU h*h™ 3‘“’"

<™ Y(35)
= 10.2 2
ete > Y(1S) X T wf Y(25)
8.8
+ - +o - -
e’e” -> Y(2S) ' X ol afnadkt S TR | Yas)
e*te” -> Y(3S) ' X o B TR
G am. e cramn e cma v e
AM = M(ju)-M{us) (Gevic?)
In contrast to expectations 2 mof @wrrermpiesmmiCOutmmn
significant fraction of Y(5S) £ e 5 | Y(1S)
(bb) decays to non-BB states. i E
2 N 06 0y i ¥ 1.4

WM = MuEr-MO ) (Gevic®)
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D
Y(5S) decays to bottomonium 14

4 modes seen : Y(5S) -> Y(nS) h*h~

Process o(pb) B(%)

(MeV)

T(AS)wTa~  1.61+0.10+0.12 0.53+0.03+0.05 [0.59F0.04+0.09
T(28)rtr~ 235+0.19+0.32 0.78+0.06+0.11 | 0.8540.07+0.16
TES)rta~ 1.4470%% 4+ 0.19 0.48751% + 0,07 0.52[22% 4+ 0.10

TOAS)KT K~ 01857501 +0.028 0.0617501% +0.010 |0.06715017 +0.013

Process ["total Cete- FT{lS}r"':r?
T(28) — T(1S)m "7~ 0.032 MeV 0.612 keV] 0.0060 MeV
T(38) — T(1S)m "7~ 0.020 MeV 0.443 keV] 0.0009 MeV

T(48) — Y(1S)rtr~ 205 MeV 0.272 keV

0.0019 MeV| larger

Y(10860) — Y(18)xT7~ 110 MeV  0.31 keV

\ 0.59 MeV ) by > 102

Possible explanations:

1. Rescattering mechanism Y{(5S) - > B'B'rut- > Y{(1S)ru, suppressed at Y{(4S) (Simonov)
2. It comes not from Y{(5S), but from near Y- analog of hybrid Y .(4260) (Hou)
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L= Energy scans 15
Motivated by large Bf(Y{5S)->Y{(1S)mm), %n:mn—-¢ w— T
Belle performed energy scan to search  gom| e |y eelle o
for non-Y{(5S) resonance (Y, hybrid?) :EE:‘; SRR (e 3
decaying into Y(1S)r+1-, Y(2S5)mt+71- s ) ;“ L N
and . 0.000 - * } U 8
) 105 108 108 108 1095 s 8
BaBar also did energy scan (R,:b-events) wee) 9
= 06 cam
F; Z x
Y(5S) Mass (MeV) Width (Mev) © *f Belle | 5
2 04 ; .o
Belle(comb) 10888.4 +3-0  30.7+ 87 . J\\J”\ L
2.9 7.7 e 03 )
Belle(hadr, Ry) 10879 + 3 46 + ° oof @
0.1 E
BC(BC(I"(hC(dr',Rb) 10876 + 2 43+ 4 107 108 1085] 108 1085 TR
's (GeV)
Y(nS)mut peak is shifted by 3.20 from R, Ry BaBar | + | i
+ : u + —
Y(nS)mm has zero level, R, level is ~0.2 1+++.+ﬁ+/\+‘b~m:)/ W
Y, : difference in shapes is very small ? satar: prll 102 012001(2009;
Y(5S) - > B'B'Tut-> Y(1S)rt: why zero level? | o= "[ies et i ['G'e';;iz
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<o Conclusions 16

® Y(5S) decays to B® and B* mesons are studied (preliminary results).

® Two-body fractions are precisely measured. Theory should be
adjusted using these results.

BB: 55:10:04%  B*B:13.7:+13:1.1%  B*B*: 37.5:21:3.0%

® Three-body fractions are measured. Large fraction is obtained for
B*B1t channel. Theory predicted very small fractions for 3-body
channels. Contradiction should be resolved.

BB :(0.0£1.2+0.3)% B*Br*:(7.3:23:08)% B*B*n':(1.0£/3:0.4)%

® Unexpectedly large fractions for Y(5S)->Y(1S,2S,3S)+1- decays
are observed. Energy scan was performed around Y(5S). Difference
in shapes is found for Y(5S) peak in hadronic bb cross section and

peaks in Y(15,25,35)T+T1- final states. No clear explanation.

® Theory cannot predict well behaviors of (“simple”) bb-system
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Background slides
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a4 Decomposition of 3- and 4-body channels 18
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